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DEVELOPMENT oF NACA summommmrs AND A COMPARISON
WITH WING LEADING-EDGE INLETS FOR A 1/4-SCALF MODEL
OF A FIGHTER AIRPLANE

By Ermet A. Moscman and Donald E. Gault

SUMMARY

Characteristica of NACA submerged duct ontries and wing leadling-
odge inlets designed for a 1l/l—acals flow model of a fighter-type
airplans powered by a Jot e¢ngine in ths fuselego are presented. Duct
total~hoad loszses at the simulated etitrance to the Jet engine and
preasure distridbutions over the duct antries ere shown. A comperison
of the dynamic pressure recovery ané critical Aach number of the two
intake systems is made. Included s a discussion of methods of
ameliorating a duct—~flow instadility which may appeer with a twin-
entrance submsrged duct system,

The dynamic pressure-rocovery rosults indicate that, for a
Jot—propelled airplano with the jet engine in the fuaclego, NACA
submerged duct ontries afford a better mothod of supplying alr to
the Jet engine than wing leading—sdge duct entries, This cholce of
the submerged entry i1s mainly duc to the complex internal ducting
of the wing leading—edge system. The critical Mach numbexr is shown
+0 be highor for these NACA submerged fusclage ontries than for the
basic wing scction or the wing lcading—odge duct entries, through the
high-speed range dgwn to 280 milosyper howr (Cr=0,20), for sea level
£1light, e

Alrplones or missiles which utilize the oxygen of the actmosphere
for combustion in their propulsive systems raquire that the air bo
ducted with a minimum pressure loss from tho free strvam to tho
entrance of tho engine, Small losses in internal-flow systomo
handling the large quantitios of alr requirud by Jet engincs cause
serious decreases in the thrust and approciadle increasec in the
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fuel qbnsmp.tidn 80 that ‘the;.‘at':tainn:lént of optimum performance from
a Jot-powered eirplane depends, in groat par:, upon the seloction
oh will ;supply eir to the Jet

. and design of-a ducting’ system W
' qngivx}e-,.j‘d.,th:mnximum‘;féffi;ci‘o{ncx ‘

. : sort is’concerned with the problem of obtaining maximum
ducting efficiency for & Jet—propelled airplane by partlally convert-
ing the kinetic eneorgy of .the entering air to presawrs energy, and
conserving the remainder of the kinetic energy so thati o minimum
pressure loss results at the entrance to tho Jet~engine compressor.
In this investigation two Aucting systems of dissimilar geometry wore
designed and installed on & 1/h-scale flow model of a typical fighter
airplanc. One design incorporated NACA submerged inlets and the
other, wing leading-edge inlets. Because the same model was used for
the two duct installations and the air quantity requirements through
the range of flight attitudes were identical for the two systens,
this investigation efforded an oxcollsnt moans of comparing thelr
relative merits.

" hts repo

This work was dovae in the Ames T— by 10-foot wind tunnel in
conjunction with the general investigation of Jot—motor air Intakes
being conducted at the verious laboratories of the NACA. The deslign
criteria for the NACA oubmerged ducts were teken from reference l.

SYMBOLS

The symbols used .throughout this report are defined as follows:

cLairplane airplane 1ift coofficlent

Lh total-head loss in boundary layer

OH loos in total-head of tho duct system from free 3tream
to the entrance of the Jot engine

[ ]

OHp loss in total-head from free stream to duct ontrance

OHy loss in total-head from duct entrance to entrance to
“Jet engine’ R

P prossure coofficient ((py=po)/a,)

" . local atatio preuaure

Po free-atream static pracouwre

COMSISITRIAR
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q, dynamic pressure at duot ontyenco (Zov42)
% free-strean dynamic preasure (Fov,2)
vy ducb—inlet veloolty
Y, , free—stream volocity
ViV 1nlet-volocity ratio -
o angle of attack referred to fuaolago reforence line,
degrees
P mass density of air, alugs per cublc foot
1 total dynamic prosawre recovery (l - -é‘g-}
0
/ Nz
o dynamic pressuro recevary at duct entrancekl - a—o-
/
p internal duct efficiency (1 -%EE
o \ e

MODEL AND AYPARATUS

Tha 1/k-scalo, partial-span, flow model of & fighter—-type
airpleno used in these tosts was originally designed as & model of
a Jet-boosted airplane, TFor this serlies of tests, howover, 1t was
assumed that the front reciprocating ongine was removed and that the
rear Jet engine was tho only means of propulsion., The Jot—engine
air~inlet system: were romovable so that NACA submerged and wing
leading—odge ducts could be tested alternately. Tho imodel, con-
structed of leminnted mahogany over a steel framework, had no
provisions for lunding gooY Or empenncie,

For the NACA eu‘bmerged. duct entry application, twin entrances,
syrmetrical about -the longitudinal axla,:.wore located along the
sldes of the fuselage 2 inchos- (model scale).forward of the Junction

. of the wing leading ‘edge and the fuselaga,’: The air drawn through
the oubmerged entrance wai ducted directly aft, making one gradudl
turn inboard to the Jot engine when cloar of the pilot'a enclosure,
The wing leading-cdge duct system, also symmotrical adbout the
longitudinal axis, first ductcd the air inboard from the wing
leading edge shend of tho wing spar, next turned upward into the
fuselage, ond then parallol to tho thruat axis with a finol turn

W
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inboard to the.entrance of ‘the Jet unit similar to that for the
submerged entry, Each wing leading-ecdge duct made threo approxl-
mately 45 turns in the horizental plane and two 50° turns in tho
vertical plane, A comparison of the internsl ducting of tho NACA
submorged duct entry and the wing leading-edge entry is presented
in figures L end 2, . ool e '

Full-scale w‘ili'lg:'é.ndr..flapf,d:‘iﬁénéiionsl for ;the;'b.irplane are given
in table I, while figure:3:presents’adrawing of the airplane on
which is indicatod the wing epan-of- this 1/k-scale flow model, The

mogel , equipped with wing leading-edge ducts and flaps deflected
50°, is shown mounted in the tunnel in figure l,

For bench tests to detexrmine the duct efficiency, clr was drawn
through the left-hand ducts dy o throttle-controlled constant-speed
blower. {Sce fig. 5.) 4 plenum chamber and duct—exit turning vones
were usod for these tests to duplicate, &s closely as poasidble, the
flow conditions of the wind-tunnel tests and to elinminate any effect
of the butterfly-type throttle. & Quantity flow was measured by &
stondard venturi located downstreem of the plenum chamber., The duct
total-hcad losses were measured at tho simulated entrance to the Jot
motor by a rake consisting of 17 shielded total-hoad tubes comnectoed
to an integrating mancmeter and four static~head tubes,

For the wind-tunnel tests, the inlet air was drawn through the
model by a centrifugal pump driven by & variable~speed electric
motor, The air, after pessing through the ducting systems, was
discherged into & plonum chamber in the fuselage (fig. 6). From
this chamber, the alr was drawn out of the modol through o duct in
the wing spor and enterod a meroury sen) which isolated the wind—
tunnol scalo system from forces on the oxternal duwcting system,
Quantity flow of alr was measured by o standard orifico placed
downstream from the mercury scal, tho discharge ond of the orifice
loading to the pump located outside of the wind tunnel.

Te total-hécd losses were measured by prossure-tube rokes,
one placed in each duct at the similated entronce to the Jet motor,
Both rakes were identical to the rake used for the geparate tests
on the internal ducting systems and were connectod to & single
integrating manometer to allow evaluatlon of the over-all losses,
The preasure distridutions were obtained from orifices dbuilt into
the model and connected to liquid~in-gloss mancmeters. Al pregsures
were rocorded photogrephically.

CONMERENTIAL
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TEST‘METHODS

Prior to the teata neoesaary for a comparison between the two

systems, & developmental investigation was made to devise an enirance
~.configuration which ‘gave.the highest ram recovery over the flight
" -renge of 1nlet—volooity' ratios/from cruising. to high’ speed. - In
“this’ preliminary utudyﬁthe‘geometry of -tho ramp and deflectors were
1tébed: ‘and-aifinaloonf1guratién: obtained ‘from consideration of
s e mim’ pregsure’ reoOVery**’The model angle of attack was held

: vzon:tant (aao°) and the 1nlet~velooity ratio varied throughout these

' 988. ’

At the conclusion of the developmental studles,  total~head losses
at the simulated entrance to the Jet engine were measured for both
duct systems, These losses were obtained throughout the angle~of-—-
attack range for flaps retracted and flaps deflectod 50° at inlet—
volocity ratios of 0,20 to 3.00,

A method was devised relating the airplane lift coefficient
with the flow model angle of attack. These relationships are given
in figure 7 for flaps retracted and flaps deflected 50°, . From this
figure and the relationship between inlet-velocity ratio and airplane
1ift coefficient given in figure 8, the total-head losses can be found
for all flight oonditions.»

« In order to faoilitate the model teoting,a‘relationehip was
derived for setting inlet-velocity ratio by means of the orifice
pressure drop., It was ngsumed in the derivation that tho density
at the duct entrance was the namo as that in the free stream, which
is true only at inlet-velocity ratios of 1,00. However, tho error
in inlst~velocity ratio was negligible, amounting to 0.2 of 1 percent
and 2,0 percent at ratios equal to 0,20 ¢nd 3.00, respectively.

For the gubmerged duct installeation, pressure distributions
were taken along tho center line of the lip and ramp for both constant
angle of attack (a=0°) throughout tho inflow range, and for matched
conditions of cLairplane’ model angle of ‘attack, and inlet-volocity

ratio that simulated flight at goa level, Pressure data for the

wing leading-edge inlet were obtained throushout tho engle—of-attack
range for several inlot-velooity ratioa that oould be encountered in
high-speed flight.,,’ 

AR N
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RESULTS “AND DISCUSSION
Development of the Intake Systoms

It was roalized that in tho application of tho submorged duct
criteria, the proximity of the wing to the duct entry and the curvo-
ture of the fuselage contour, factors which could not be ovaluatod
in the general investigation, might modify tho placement and exterior
shape of the ontrance.for maximm dynamlc-progsure recovory throughout
the important £1light range. ‘A previous application of u submerged-
duct system disclosed that, when the duct entry was placed adJjacent
to the wing, the flow field of the wing had an adverse offect on
the lip-pressure distribution and induced a flow interferonco along
the remp., For these roasons, the entry was placed as far forward
-of the wing leading edge as pogsidle, Preliminary tests were made
to devise an entrance configuration giving the highest ram rocovoery
over the flight range of inlet-volocity reatios from crulsing to high
apead,

Reference 1 states that the deflector size for submerged
inlets is determined primarily by the boundary-layer thicknees.
Therefore, measuremente wore taken on the basic fusclego contowr
at the station corresponding to the lip of the submerged entry, The
boundary-layer profile obtained, compared in figure 9 with boundary
layer 1 of roference 1, indicated that tho deflector size roquired
would be similar to the small or normal deflectors. Using tho
entrance losses of reference L for an entrance configuration and
boundery-layer thickness that closoly approximated the conditions
on this model, it wos desired to estimate the total-hoad recovery
that could be erpected for the NACA submorged entry by the following
relation: . o o SRR - S

=g+ (apd) (V4 V)2
This served as & guide to the proliminary studies in which the

geometry of the ramp and deflectors were altered to obtain the
highest rocoveries through the imvortant flight range.

Use of the aforementionecd relationship required tho determina—
tion of the duct efficiency from separate tests on the internal-—
ducting system, Bench testa conducted on the left-hond internal duct
indicated a 92-percent duct efficiency (fig. 10). A tuft atudy
disclosed no stall in tho curved section of tho duct, and it is
belioved that vancs would not improve the rocovery,

A comparison of the bstimatod brassuro recovery and that obtainod

OCQUIESBIENFEAN
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* with the final submerged=duct-entry configuration is shown in
‘figure 11, . Considering the presence of the wing and the fuselage-
. surface curvaturse’ {factors mentioned previously which were not
.- evaluatod inthe ‘general investigation of NACA.submerged inlets),
-and, 'in-addition,  the probability of a slight change in duct
efficiency with inlet—velooity ratio, it is thought that the
estimated and actual total-hoad recoveries are in good agreemont.

It should bo'emphasized .that no drag evaluation was made in
‘this or subsequent tests; and that the final duct-entrancs configwra—
. tion was determined only from considerationa of the dynamic-pressure
recovery and critical Mach number of the lip.

Views of the final submerged duct entrance configuration are
presented in figures 12(a) and 12(b). Ordinates for the plan-form
shape of the ramp and deflectors, and the lip-contour ordinates aro
pregented in figure 13.

Separate tests were made on tho wing loading-edge internal
ducting to determine -its efficiency.. Several tests wore made to
. obtain the best pressure recovery with various guide—vane configura~
tions., The ducting efficlency obtained, 64 percent (fig. 10),

" 4indicates that tho several bends, even with guide venes, occasion
considerable losses. The internal-agtructure .ariangement of the
wing and fuselage largely determines the complexity of ‘the ducting
system for wing leading—edge inleta, The usual result has been
low internel-ducting officiencies, If those intornal-ducting
efficiencies could be improved, mejor incroesea in the pressure
recovery at the ontrance to the Jot—engine compressor would
rosult, Howevor, for the type of aircraft considered, with the
Jut ongine in the fuscloge and using wing leading—edge inlets,
no significant gains have been found.. With the tendency toward
thinner wings on high-spcod aircraft, and with the increased alr
roquirements of the new high—thrust jet motors, it is probable
that using wing inlets on this type airplane will become more
aifficult, ,

/ The wing 1eading—edgo\1nlot lslshown in figure k., A-comparison
of “the plain and ducted wing sections together with pertinent
ordinatos are given in figure 14, «

Comparison of th& Intake Systoms

o 10 «~ Upon completion of preliminary tests
and seloction of the submerged=duct-—entrance and wing leading—edge—
inlet configurations, the duct total-hcad losees were determined,

CONE SR
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Tables II and ITI preaent the pressure.losses as & ratio of free-
atream dynamic pressure for- flaps retracted and flaps deflsctod 50°,
respectively. - The total-head losses.as a function of -airplane 1irt
coefficient throughout the f1ight range, flaps retracted and flaps
deflected 50°, wers obtained fram these'datd by cross—plotting for
proper veluss of angle of attack and inlet-velocity ratio.

The total~head losses, flaps retracted, for NACA submorged and
wing leading-edge duct systems are compared in figure 15 for scee—
level and 30,000-foot operating:conditions.: On:the same figuro is
presented -the comparison ‘for flaps deflected 50° at gea level,
Examination of figure 16, which comperes the dynamic-pressure
recoveries Tor the two systems throughout the speed range, shows a
greater pressure Yecovery for the NACA submerged duct entrles for all
flight conditions, - Of particular intereat is the high-pressure
recovery over o wide range of f£light spoeds that 1s obtainabdle with
the NACA submerged duct entries on this installation.

Pressure distribution.— Teble IV lists.in tabdbular form the
pressure distribution in-terms of pressure coefficients over the lip
‘of ‘the NACA submerged duct eontry for constant anzle of atiack (0=0°)
through the inflow range, and for metchod flight conditions at sea
level, Figures 17(a) and 17(b) present the pressure distribution
along the bottom of +he ramp.for:these same conditions,. - Bocouse the
ramp wos lengthensd while the 'model wes in the tunnel,. pressure tubes
aro lacking ovor the first 3 inches.: This is unfortunate, since the
prossures are otill rising in thig section,  Howover,, these presswros
over the front portion of the ramp (fig. 17) are unduly high and not
ropresentative, since, for the submerged-duct inztallation, the
velocity ratio of the air entering the cowl was zero, theredby causing
high pressure pesks over tho forward portion of the cowling. A
streamline nose shape would provide & more favorable pressure
~gradient on this front portlon of the ramp.

Pressurs distribution for the wing lecding—ecdge inlet is tabulated
in tables V to XI for the wing-fuselage Juncture with the plaln and
ducted wing section and the outboerd closing shape (wing station 18,
fig. 14.,) TFor all practical purposes, the pressuroc distribtution
at the wing-fuselege Juncture and outboard closing shape was found
to be independent of inlet-velocity ratlo.

The critical Mach numbers were determined frgm the peck negative
pressure coefficients of the two sydtems by tho Korman-Tsien method
outlined in reference 2. The critical Moch nwnbers for matched
conditlons at sea level for NACA submerged and wing leading-odge
inlets are showm in figure 18. - Included is a comparison of the .

GOMPIDENTTINL
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critical Mach number of the two inleis, which shows the NACA submergec.
duct entry to be higher through the.range of high speed down to 280
miles per hour (Cy=0.20) for see~level flight. In the high—apeed
attitude the comparative values arc 0.75 for the NACA submerged inlet
and 0,67 for the wing leading—odge inlet, Although sufficient data
are not available for a direct comparison at altitude, the uas of

NACA submerged ducts for this installation should prove more advar—
tageous through a somparable speed rangs, In comparing the two typo
inlets at some other altitude for a given flight condition, the change
in the critical Mach number charecteristics from those showr on figwre
18 would be due, primarily, to changoe in anglo of ettack, Tho wing
leading-ndge inlet is more sensitive in this respect, so that the
difference between the two entries as shown on figure 18 should be
accentuated., The effect of the change in inlet—velocity ratio with
altitude for a given flight condition im of secondary importance.
Pressure distributions were not measured over tho deflectors. In

this series of tests the deflectors were developed solely from the
standpoint of increased pressure recovery at the cntrance of the inlet.
The existing deflector configuration should not be congidered as final,
aad 1t 1y probabdble that more gradual contours could be utilized for
more favorable air flow along ths fuselagc.

It should be emphasized that the critical Mach number of the
submerged duct entry is to a large extent dependent upon the type
of pressure fileld in which the duct ia placed, A location nearer
the wing will give somewhat lower critical Meck numbers,

Flow instability in o twin E.CA submergod duct gystem,— Undor

certain flow conditions at low inlat-velocity ratios, an unsteble
condition of the entering eir may be cncountoered with a twin NACA
submerged duct system. This instability is common to ducting

systems consiting of two entrance chenn:ls which discherge into a
common ragervoir, provided that, with increasing inlet—velocity ratio,
the total--head lo.ises firat decrease and thon increass. This condi-
tion can exist, az in this case, where the entering flow 1s constrained
on one or more sides zo that gome boundary-layer air i teken in,

Whether the instability would occur in the actual ingtallation
depends upon the mechanical design of the Jet motor, If the ailr
emptlies into a common chambor befors entering the jot—motor
compregsor, the instability could occur.

At preagent the inlet—velocity ratio at tho start of instedbility
cannot be predicted, but it hag been obgorved that instability never
occurs at ratios above that at maximum rocovary. In ordéor to prevont
inatability the entranco ducts should be deaigned for a high-—specd

CONPIDIRNFIAL
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inlet—velocity ratio that allows a margin of 0.2 to 0.3 above that

at ingtability, This would pormit the Jet motor to be throttled consider-
ably and still operate in.the stable range, However, if this does not
allow for sufficlent throttling, then mechanical devices could be used
which would either maintein inlet-velecity ratios ebove that at
Instability when the engine was throttled, or would decrease the rum
recovery so that the maximum recovery would occur ot inlet~velocity

ratios below those at which the airplane was momentarily operating.

The bottom of the ramp could bs hinged at the forward ond so that
the inlet area could be reduced or completely closed off by a trap-
door arrangement. This would not only eliminate the instability bdbut
also enable a Jet-boosted aircraft, cruising with the Jet motor
inoperative, to eliminate the high drag due to air bleeding through
the jet motor., For use in a completely Jet—propelled airplane, &
butterfly valve in one of the entrance channels could be automatically
“moved in conJjunction with the throttle, so that when the speed of the
jot motor was reduced below a certain value, the valve would be
actuated enough to eliminate the instabllity. Another possible means
of ameliorating this condition is the orovislon of a hatch in the
ducting system, forwerd of the compresusor, winich could be opened when
the Jot motor is throttled back to allow alr to blecd to the free
streem. This would permit continued operation in the noncritical
inlet~velocity~ratio range, and control could be made similar to tne
aforementioned dbutterfly valve. Thls last msthod of blecding air
through the duct and the first method using the flexible renmp would
also eliminate the  low critical Mach numbors that result from high
negative pressures over the outside of the lip at low inlet—velocity
ratios. A further advantage of any of these mechanical devices is
that they also would facilitate starting the Jjet~engine in high—~opeod
flight by lowering the air veloclty through the combustion chember
to thet necessary for f{leme propagation.

In the conaideration or aclection of instability—-climinating
dovices such as thoso described, it is of prime importance that tho
device should cause no decreese in ram whon not in use. When the
device is in use, however, any loss in rem resulting from its opero-—
tion will be of minor importance, since the unstable regime usunlly
occurs with the airplane at high speed and the jet motor throttled.

If the ducting could be so designed that a single NACA submergod
entrance would lead to & single Jot engine, this instability would
not occur. For a Jot inotallation on a ewept-back wing, whero the
use of nacellos Tor the Jet ergineaincurs a premature drag rise
(reforence 3), this principle might be applied advantageously by
locating the Jet engines in the fuselage.

CONREPmIRRL_{
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CONCLUSIONS

From this experimental investigation of an NACA submerged duct
installation and the comparison with wing leading—edge inlets 1t 1s
concluded that:

1. For a complately Jet—propelled eircraft with the Jet engine
in the fuselage, NACA submerged entries merit serlous conslderation
as o means of gupnlylng air to the Jet engine, TFor this installa—
tion, NACA submerged duct eontries gave higher preasure rocovericu
et the entrance to the Jet engine than wing leading—edge inluts
throughout the flight specd range.

2. The critical Mach number (0.7%5) of this NACA subuerged duct
is greatcr than that of the basic wing sections used on present-day
fighters,

3. For this type installation (a Jet—propelled airplane with
Jet engine in the fuselage) the complexity of the duct and alrplane
structural design would be greatly reduced by uzing en NACA submerg:.d-—
duct entry. :

L, A flow instability in the ducting system, which would noec
occur with wing leading—edge duct eniries, could exist ot low Inlei-
volocity ratios with twin NACA submerged air inlets, By proper
seloction of tho high—speed inlet~velocity ratio, thias condition
could be precludad from ordinary flight, For hish-speed~flicht
attitudes with the jet engine throttled, mechenical metheds of
alleviating the instability should be employed.

Ames Aeronautical Laboratory,
National Advisory Committier for Acronautics,
Moffett Fleld, Cali?,
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TABLE ‘I,-' FULL-SCALE GEOMETRIC WING AND FLAPS
" CHARACTERISTICS FOR THE FIGHTER AIRPLANE

Wing R f:ﬂ( k)
Area’ ’q ft'o‘o ¢ e e e e s e o . o o o . . . l"()0025
span [ . . [ [ ) o L] [ ] ) [ ] . [ [ . [ . [ ) [ us.oo
6‘) 1n0 L) L [ [ . (] [ . [} (] [ . . . . 10“‘.6
ROOt Ohord in [y L[] ,‘Ol . [ . . 3 ] [ 3 . . . . [ luo
Tip Ohord 1n. . [ ] L] L] L ] L ] [ ] * L] . . . . L[] [ [ L) &
Root seotion . . . o v v v v v v v . 66(215)-214-1.0
Tipeection . . ... . . ... .. 65(112)-213-1.0
Geoma trio twiat ’ d‘g ® .‘ L[] * [ ] L] L] . L] * [ ] . L] [ ] 2%
Aﬂpect ratio /o,_;o o o ‘e e e 8. 6 6 o o s e e o @ 5.7
Taper !‘atlo g ‘. e .11" .. ce.iee @ e 8 s e e o o 2.33
Incidence at’ root chord;ndeg;;. P |
Dihedral of chord plane, deg . . . « « . . . . . 62
Flapa

TOtal area, ‘q rt L ] L] L] * L[] L] L] ® L ] L] L L] L] L ] * 50
OVQI‘—BII ’pan, rt o & & o & 5 o e o+ o . 22 56
Chord . v e o o o o o o o o .0 o 23 percent wing chord
Travel deg L) L 3 [ ) L] [ ] [ ] L) .. * L] L] L * [ ] L] L) o to 50
Wing aréa arfeoted 8q £t e e .. 221,6
k,Type R T AR aNT Ars Extensible-alotted with
- Cg - Ay 7 fixed ‘'vane on leading
. edgo ;and. operating on
caie o £ixed traocks

m NATIONAL ADVISORY

COMMITTEE FOR AERONAUTIOS

il BRI A i b



RSP UTRER

TAELE II.—- DUCT TOTAL HEAD LOSSES MEASURED AT THEE SDMULATED ENTRANCE TO THE JET-KNGINE
mmlmmmwmmmmmm

COMMITTEE FOR AERONAUTCS

COMRBRMTIAL
NACA sulmerged ducts

;% -3.0M |-2.213.01| 0 R.02 [2;05 {3.06 (.07 55.08 [6.30 {T.11 [8.13 [9.2% 10,16 01.1h D233
0.2 0.220% 0.2100.189 0.183 {0.2100.173{0.183 |0.215 J0.253 |0.261 {0,909 [0.330]0.343 10.357 j0.338 [0.355
.3 293 | 78| 57 JaAT] 157 68| a89) .20k | 2281 .2%2| .262] .279] 295 .38 309} -~
N 2157 | .ake| 126| .a22] a22] 36 53] 269 88| 91| .200] 21| (226] .237] .26 .25p
.5 2126 | J120] .105] 093] .093] 100 18] .13 .138] .138] .1h3| 3157} -.168) .179] L1891 .189
-6 230 | a1 .300| .o79] .o7h| .085| .090] .100] .205| 130} .10 .321] a27] .132] MM LA
N 210 | J00] 090 .079] 0671 .013] .079] .085| .090] .09%| .108] .220]-.215] .19] .128] .130
B a22 | 08| .o9s| .o19] .069] .omé| .079] 08| .090] .00h| .20 .116] 12| .120} .133] .139
1.0 J63 | as7l a3z aa7] aos] 095! .00k .100] .106] 16] .221] .132] k2l 158 247 261
1.2 201 | a92] at2| ase| a36] a36] .30] .230] Jaas] a%] a73] 283 a92] 268] .302) .320
1.% 286 | .282] 268 .219] .2h0] .230| .225]| .235] .238] .26h| .277] .292| 299] .32h] .373)| M3
2.0 528 | 56| 56| 9%6] 6l k6| m3| 3| 3| .A6| .A6| .68 .600] .618| .680] .680
2.2 622 | .618] .666] .666] .618] .6661 .666] .666] .666] .666] .687| .722| .708| .T36! .B16) 819
2.5 £52 1 o8l 18] .736] .762] (182 .782] .782] .799| .BM1] .Bs8| .B20f .Bhoy .882| .B83| .966
3.0 909 | . 063 11.060{1.090]1.121{1.186]1.218]1.289{1.242)1.303(1.273/2.303{1.32 [1.324|1.393
1 -3.00 | 2.02|-1.00} 0 [1.02 |2.05 |3.06 [v.07 [5.08 |6.20 |7.12 {8.13 [9.2h [10.3411.24]12.13
0.2 | 0.439% 0.233/0.145]0.082]0.068] 0.062{0.063]0.057]0.0630.0800.0960.130) 0.167/0.199{0.136/0.132
A3 A23 1 .299] 67| 28] a0sl anf anf an! a3z ass| as] 2§ 2 .nT] 23] 22
.65 Aok | .330| .208] .182 .182] .18%| .187| .198] .221] .259| .293| .36M .MM 319} MM A3
87 53| IB| 2h2] 232 2% .26 . .3%] .383] 8 JJOS! T .970
1.08 631 | M0T| .35] .362] .361] .390| .M1] M3 .hoa] sh6] .620] .673] . .909| .9688] .80
1.3¢ 6601 55l Ah3] ws6l 70l hok| .mis| 96| .603] .685] .Th| .898 .96211.058/1.139/1.052
1.5 6851 .58] .=99| .508] .%96| .6aM| .68s| .727| .808] .8T7[ .977(1.077]1.178(1.326/1.29311.345
2.17 1.6 | 1.261]1.261]1.3320 1 .808] 1 .462]1 524 |1 622} 1.729{1 .88 [1.996 | 2.2001 2.300] 2.389]2.M40}2.440
Syalne bassd cn free-streem dynemic presswre Af/qo. CONRBENTIAL NATIONAL ADVISORY

IEVLY *ON WY VOVN
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CONGRRAMELAL

mm.-mmmmm,mumsmmmmmmmm,mm

v

{est ViVQa.

NACA submerged ducts

% 8.05 | ~1.03 | -6.00 | 5.0 | -3.99| -2.97 | -1.95 | -0.9% | 0.08 |1.10 }2.2 | 3.2 512 |5.13
0.2 0.297] 0,198 | 0,172 | 0.293 | 0.293 | 0.178 | 0.198 | 0.227 } 0.266 ; 0.303 | 0.330 | 0.388 10,378 | 0.360
3 238 Ja88 ) a68 | .68 | a67| 192 2031 .2n | 2% | .282 | .308 | .320 | .325 | .339
M 93| am3] ass | a3 | ans | sty ate | 197 | .2k | 223 2hs | o7 | 265 | 2%
.5 250 | 36| J20| a2 | a2 | a26| ake| ast| 69| a8 | 189 | 88 | a9k | .200
.6 226! aas| Jdos| am ] 00} 00 a0 a9 ) 232 | 137 A% | a37 | k2 | M8
T 1] | Jan | .91 090! 85| .095| o0 | an | a5 .22 | .19 JA25 | 126
.8 d22| auf Jgoo | .05 | 086, .085] .085) .093 | .105 | U J o9 | 25 | .26
1.0 a5 | 36| a2 | a5 | anf a6 05| an | 6| 226 | 232 ) Ak A2 k2
1.2 292 | a01 | Ja7e | a8 | aMt i 238 | 133 | A3 A5k | 168 A6s | a0 | oars | 86
1. 285 271 253 ~2h2 232 .232 253 238 .238 .28 261 282 292 -29%
2.0 s3] 58| 92| 8| 61| 601 | 80| 570 | 338 S8 1 8 | M| 58 | J580
2.2 62| 10| €8] 62| .673] .708| 639 652 | .6T3 673 639 | 618 | 639 | .673
2.5 6! 613] mns ) 6| 95| 86| 199 .B37 | .837T 820 | .81 | .88 | .81 | .BM1
3.0 883 | .912| .92 {1.030 |1.099 ] 1.090 [ 1.090 | 2.118 |1.178 | 1.207 | 1.207 1.207 }1.265 | 1.265
Ving load ducts
;L -8.05 | =7.03 | -6.00 | -5.00 | -3.99| -2.97 | -1.95 | ~0.9% | 0.08 | 1.0 2.2 3.2 |82 523
0?21 0.09% | 0.068 | 0.055 | 0,055 | 0.05%% | 0.055 | 0.070 | 0.082 0.118 | 0.169 | 0.206 | 0.2kk | 0.220 | 0.218
.83 236 ¢ a10] 03] .oe | ) a9 | v | a6 | 220 | .20 .366 | .ho) | M0B | .386
L65 .180 .168 .168 .168 .189 .209 .23 .282 .3%9 R3] 503 .503 522 558
L .87 2 | oo %9 on | 25| 32| .36 M| 2| 616} .72 | B3| 857 | .88
i 1.08 4% | %2 | 368 ! 388 | M| M| .skol| 602 | .696 | .790 | .90 11.063 | .963 }1.029
©1.30 %66 | ATT| woh | .58 | w6| .02 | 670 .75 | B39 | .968 11206 |1.15% |1.318 11,238
F1.52 =8| .997| 621 | .6mh | .708| .n| .860| .968 |1.079 |1.190 | 1.386 1.3% | 1.856 | 1.867
;P?.n 1.255 1 1.221 | 1.3%5 | 1.38% [ 1,Md5 | 1,098 | 1.5%67 | 1.6T2 1.809 | 1.929 | 2.032 | 2.170 | 2.362 | 2.M00
%/alue based on free-etream dynemic pressure 4H/q,. CONMREMDdt NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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NACA RM No. ATA31

TABLE IV.. PRESSURE DISTRIBUTION OVER TME LIP OF THE SUBMERGED DUCT EXTRY
FOR THE 1/4-SCALE FLOW uom. OF THE FIGUTER AIRPLANE

Matohed conditions at sea lowel, propeller remaved

?i;tf:;: (ﬁ‘f? 147 I 0.84 | 0.83 lo.n Io'.oc‘l ° [o.oo ] 0.21 l 0.84 | 1.47 I 2,08 l 4489 [ 5484
1/Vo| g o Inaide . LT —
0.54 ) 0.529] 0,804] 0.534] 0,683 0,918} 0,708 | 0,038 | «0.350 | ~0,419 | 0,334 |-0.209 | ~0.065 |-0,090
75 | ol | .234] L188] .198] .264] .619] 978 L112| -.173 | ~.318 | =,290 | -.249 | -.087 | -.112
0 | o s3] .o2( L007] J27] .3s2] .eat] 249 -.122 | -.285 | -.200 | o244 | -.007 | -.17
1,00 o5 co241| «.371] 3911 =0402) <431 o841] 841} o070 | o201 | o241 | -.221 | -.110 | -.130
1,20 | 1.2 | ~.672] <.883| =,933|-1,193 |-1.445] .722] 833 | 070 | -.101 | -.241 | ~u260{ -7 | -101
1.40 | 1.9 |-1.093|-1.223] 1.440]-1.917]-2,633] .318] .o26| .170 | o119 | -.239 | -.278 { -.200 | -.229
T.60 | 2.8 [-1.748]-2,089]-2,233|-3,039 |4.350] ~.647| .980 | o230 | =.020 | =,198 | -.235 | -.216 | -,285
2.00 | 48 |-2,980]-3.470|-3,523 |-5,106 |-8.160 | -2.941 | .082 | o177 | .020 | -.218 | -.333 | -.333 | 38
2,20 6,0  j=30720| 44240 [=4,800|=85201=10, 540 =4, 740 +T20 140 | O «e280 | =.440 | -.460 | -M80
a=q® _
o | R 1 Tnside e Ovtside -
o8 | o | o.022]0.006]0.853] 0,95¢ | 0.099 ] 0,434 |-0.8v0 | -0,449 |-0.81¢ |-0.392 |-0.310 -0.108 |-0.137
. 0 “658| .590] .638] 812 | .986| .99 -.802 | -.467 | o502 | -.388 | -.304 | -.106 | -.187
7 o 582| 662| .802] o771 | .967| .578| -.088 | -.460 | =487 | ~.379 | -.304 | -.208 | -.140
.52 0 | .680| .629| .570] o729 948 .647| -.862 | =460 [ 476 | 379 | -.308 | -.110 | -.138
«68 0 W491] (60| .498] .636] 894 (TI1| =398 | ~.398 |.-.445 | -.367 =e300 | =.100 | =160
+ 82 0 428| 393 .422] J544] .80 .850] -.29% | -.318 | -.399 2,347 | =.284 | ~,008 | -.127
« 686 0 5661 oS151 o342 o429 ] .704] J911[ =.107 | -.208 | -.369 o322 | 4278 [ -010) | =0127
.7 3 Z87] .208| .228| 209| 854 .972| 072 | -.241 | -.321 | ~.207 | -.266 | -.006 | -2
.81 0 091] .030] .030] .o40| .334| .980| .323 | -.131 | -.283 | -.283 | -.283 | -.001 | -.12
o4 0 | —.147| ~u264| =.267] =0120] =.214] .947] 847 [ -.067 [ -.204 | -.240 | -.227 } -207 | -.120
1.16 0 | -.840] -.820] -,860{-1,120{-1.300{ 630! .820 | © -.080 | -.140 [ =.100 | -.060 | -.080
1.46 0 1-1.548-1.008 |-1.968|-2.463]-3.460] -,323] .98 | o194 | 066 | -.052 | -.088 | -.032 | -.082
1.81 0 | 24872|3,048|-3.142|~4 478 |-6,240]-2.99912.000 | 333} %0 | 48]0 0 0
2.17 0 |-4.081-4,608]-4.933|-7.265].0.600|4632] o734 | 3331 .267] 138 ]0 0 0
2,56 | 0 |-7.88 |-0.44 |-9.22]:18.23 ] 10,00 ] 210,22 | 0 an | ] anfo 0 0
OO.IEIBE!I‘I b NATIONAL ADVISORY
COMMITTEL FOR AEZRONAUTICS
- it YR S b
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TABLE V.-%ING FUSELAGE-JUNCTURE PRESSURE DISTRIBUTION (WITHOUT WING LEADING-EDGE
DUCT ENTRIES INSTALLED) FOR THE 1/4-SCALE FLOW MODEL OF THE FIGHTER AIRPLANE

TEVLY *ON WY VOVN

COMMITTEE FOR AERONAUTICS

CoONPIDENTAt
DN d
chord\% -4.05 -2.02 -1.01 0 1.02 2.05 4,07 6.10 8,13 10.14
Upper surface
0 1 =0.874 ~-0,088 0.166 0.346 0.490 0.617 0.696 0,604 0.423 0.186
1.0 i .749 . 868 .720 .gzg 204 | =-,220 | -.826 -1.814 | -2,770 -3,901
2.5 | .36 .13 071 . .008 .02 -.996 -1.87 «2,300 =-2,990
5.0 | .52 .22 .055 -, 145 -.283 617 | -1.077 -1.62 -2.090 3,622
700 0303 .OILO ‘.127 -.302 -.23:: -0689 -loo -10u9 -1.860 -2.268
10 .231 -0096 -0253 ‘ou - -.72"5 -1. -1.“2 -10718 -2.032
15 -.008 -.287 - 434, -.570 -.718 - 74 =1,069 -1.347 -1.222 -1.773
15 -.167 - 398 -.522 - -.776 -8 ; =1,061 -1,282 -1,056 =1.586
123 -’295 -.Slo ~e 82 -.gzg -0722 -.7?7 -ogo; -loohg -10;53 ‘10022
-3 F:) e bt - -.72 bt - “e ~e -
53 -.u26 - lo -.569 -.658 -0670 -.Zgi - 26 -oés -e 30 -0656
o0 -'uz% -.h - - 478 -. 198 -. 189 -.1486 - 166 -ho7 -.397
70 - -.ligh -.538 -.586 -.621 | =-.617 -. 648 -.662 -.573 -.510
Lower surface
1.0 [-1..474 -.908 -.609 -.305 -.0l1 .216 <551 .816 .938 +980
2.5 | =.956 -.598 - 115 -.233 -.073 .108 .3 572 .738 -850
5.0 -. 703 -.130 -.240 -.217 ~-.106 .02l «202 °392 .237 .656
705 "061&6 ‘0328 --31&0 "021‘1 -.1:5 -.O‘#O 0113 0278 . 12 ozﬁs
10 -. 622 - B22 -3 -.257 -.188 | -,080 .ol9 .20k o33 . 2
15 -.566 -.407 -, 348 -.289 -.229 | -.284 | -,032 .098 .216 «31
20 e 6 -.391 -.3'#0 "0297 -.Zu -5168 -0073 0033 olul 0218
30 i =e530 =338 -+301 -.257 -.21 -.152 -.113 -.016 .066 .X21
4o I =.h1b =33 -.308 -.273 253 | =.184% | -.146 -.082 -.008 .032
50 ! -.u22 "036 i --3% -.321 ‘.2 u -.2"‘0 —.211 -015 -uloo -0062
00 i - 422 -.382 | =.372 -.261 -2 -.296 -.275 .23 -.183 .16
70 L =.255 -.221 | =222 -.127 -.216 .176 -.178 -.155 -.125 -.113
m NATIONAL ADVISORY
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TABLE VI.-WING FUSELAGE-JUNCTURE PRESSURE DISTRIBUTION (WITH WING LEADING-EDGE
DUCT ENTRIES INSTALLED) FOR THE 1/4-SCALE FLOW MODEL OF THE FIGHTIR AIRPLANE

CORPIDENPiRE
P

- %
- chord™\%| _3.04 -2,02 -1.01 0 1.02 2.05 4,07 6.10 8.13 10,14

Upper surface

0 -0.337 0.037 0.306 0.540 0,754 0. 864 0.991 0.998 0.924 0,202 §-
; 10 o . 819 . 730 . 550 . 290 - 007 - 321 "1. 105 ‘2. 083 "3 058 -2. 910 -
f 202 0392 .29 -.09 -.162 bt 8 -.710 -10381 -2.228 -3. -2.120
. 50 0172 003 -015 -0371 -.62u ".851 -10381 -1.968 "2.5 -2. 0
I 700 ..031‘ ‘ouu ‘.306 -."66 "‘0692 "om -lqz -1.736 -201 1 ‘2.369
' lo .021 -.21“- -.37u -.212 - 6 -.831 -lol -1. 10 -1. -2.2"8
‘ 15 .1'287 -.m -e 78 - 9‘ -.82 "0931 -1.166 ‘10 5 -10615 -1.8)"’9
P19 -.289 -, 802 -.5(0)3 -.600 -,70 -.PO =978 | =1,183 [-1.330 |[-1l.857
[ 29 -.27 -.342 - 001 _.u7z -.2350 -.616 -728 | .81 | -.971 |-l.)
i l"o -uus9 -ougg -0523 -°200 -.&g -oggg -.Zgg -osgg ‘Q;gg -081
! g —.’I»ZO -.228 -e gg -.l&59 -‘. -.'“56 --u‘56 -.131 -0380 -.%g
! 70 0007 0 -oooz 0007 .007 013 0007 0007 0007 0007
§ . Lower surface o
:,r 1 -1.28 - 18 -y ° -.2!‘3 .O‘& 023 0603 08 * 6!; 02
i 2'5 hnd -ngg -.Egg -, 22 -~ 0 03“ oEo?t 09 .sgl
;.o -.598 - =33 -.19 -.075 .013 .228 .003 . 607
i 5 | =526 -.Eg -.401 =290 -.190 -.107 .00 246 387 o5
1 10 -.516 - ~.333 =277 ~.183 -.107 .0 .202 340 «392
} 15 ~e o] -.m' -3 u' -Q29° ‘.22“ -.161 -oo 7 3 .21 0226
t 20 -e 9 -.1‘28 "03 -.290 -.231 -0188 -0060 Y 1 ‘1 01 9
[ 30 -.365 -.315 -.272 -.196 -.177 -.146 =08 | o +082 0122
, ko =365 -.328 -.299 -2 -,211 -.lzu -,107 -, 081 «027 .
Zg 392 -.362 -3 -.304 -.278 =281 -.188 -,130 =0 -0

] ~-.113 =389 -.387 -, 344 -3 -.308 -.268 | =.150 | =.1 -1
! 70 -02!‘1 "-235 -s231 ‘.209 -1 7 -.181 -.1u7 -,130 ~el -0108

TORFIDER i, NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE VII,.~ PLAIY-WING PRESSURE DISTRIBUTICN AT STATION 13.50,
1/L~SCALE FLOW MCDEL OF THE FISHTER AIRPLANE

15L61 VIVAd:L:

TEVLY "ON WY VOVN

- COMDRR Tt
P
-2,02 | -1.01 0 | 1.02 2,05 i ko7 | 6,30 | £.13 ; 10.1%4
Upper surfece
0 + 0.303 0,542 0.972 | 0.980 0.906 0.715 0.130 | -0.964 | -2.,253 | =3.338
1.0 ;o.313 170 .205 } =,129 -.Eoé -.903 | -1.741 | -2.825 | -3.%85 | -5.310
2.5 i .553 .223 063 | =177 - b2 -.h89 | =1.263 | «1.560 | =2.190 { -2.858
5.0 i +239 oD =111 | -,289 -.430 -.673 -.972 | =1,13 -1.318 | «2,250
7.5 ; .1E§ -, 064 -.292 | -,370 -.538 -. 689 -.980 | 1,35 ~1.660 | -2.008
10 L ~.159 -.301 | -, 42 -.596 -.729 -.964 | 1,230 | ~-l.54l | -1,821
1c 1=.064 | -,285 -.364 | -, 498 -.520 | =-.721 | -.915 | -1,168 | -1,361 -1.232
20 ' -,183 «.351 -.478 | -,563 -.£86 ~-.753 -.931 | -1,143 | =1,295 | -1,041
30 . -.287 - U1 -.198 | - E95 ~.578 -.721 -.&50 -.980 -1.011 -1.150
) i-.ilz -.470 | -.538 | -.811 -.686 | =.715 | -.8l0 | -.506 | -.54% -.925
50 ! - 534 -.577 | ~.635 -.594 -. 715 =770 ~-.525 -, 822 -. 769
c0 babgl -.558 -.593 | -.653 -.686 -.697 ~. 704 -.727 -.672 -.558
70 - 422 -9y -.51% | -,530 -.530 | -.529 -.513 -.490 -.415 -.3%9
Lower surface
1 0] ;1. 78 : -e gEO :hss ~o 113 0188 oml . 69 0956 O971 '590
2.5 ~1.03 -.63% -.336 | -.17 .024 .216 L1426 .719 872 «939
5.0 P ~.916 -.542 -.379 | -.33 -.082 .072 .292 .506 .6 J77
7.5 | =.789 -.2&% -.379 | -.257 -,131 -.008 <186 .368 .523 .632
10 | -, 662 - =340 | -.201 -.136 -.016 .133 .294 5432 .551
15 i -.582 | =30 | -,386 | -.273 -.196 | -.0%6 .032 171 .290 <337
20 ! =.590 - 128 -, 304 | -,313 -.223 -.160 -.240 .082 AT o2
30 i-. 70 -.367 -.332 | -.239 -.245 -.176 -, 10 -.016 ~-.755 .1
4o | =138 ~.3%23 -.332 | -.305 -.269 -.208 -.15 -.082 -.008 -.040
50 ! -.us --383 hat'] 36)4- - 338 - 310 -.261" e 219 -.163 = log -.O
50 | oiuaz -, 398 «.372 | -.354 -.335 -.296 -.26 -.228 ~.183 -.1
70 | -.263 | =»233 -.237 | -.273 -.253 ~.208 -,18 -.1€3 ~.133 -.113
C m EI II' H | NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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20 - NACA RM No.. ATA31

PUCT ENIRANCE, 1/M-8CALE FIOW MODEL OF MR FIGITER AIRPLARE
t"ﬁo.ol
)i
A orad |-3.04 [-2.02 [-1.00 [ 1.02 [ 2.05 [ w07 | 610 [ 83 [10.14
Upper 8urface

0 0.978 { 0.818 | 0.493 | -0, -1.745 {-4.703 | -5.889 | -5.930 | -3.022
1.0 313 .073 -.222 -1.3?1 -1.1 -2.§6R -g.sug - .?go -g.o 7
2.5 100} -.080 -.a ; -.877 1-1.1 -1.824 | - ,563 -2.25 .2.0h2
?.o -.120 | -.266 | -.bs5 -.850 {-1,072 |-1.505 | -1.5804 |-2.432 |-2.168
10.5 -.153 | -.273 | -.425 | -.730 | -.889 |-1.218 }-1.58% |-1.91k |-2.266
1 27206 | 7286 | —.385 |T=.596 | =.708 | -.912 | -1.135 |-1.335 |-2.030
28 -.253 ]| -.326 | -.011 | -.529 -.Zuo -.212 -.932 -1.%%3 -1.557
i(o) - 39 ‘0329 "ou59 -0562 "06 u ‘0759 ‘-683 ‘0978 ‘0900
-.806 | - 846 | -.495 | -.576 | -.626 | -.712 | -.808 | -.792 | -.690
S| hE| | e | g ||| IR | oE| o

- - -. - - - -. - -.51
70 -,059 | - Esz -. 587 | -,u82 | - hgs -.486 | ~.475 | -.u71 | -.0Lu7

Upper Inner Surfsce
1 .186 .186 .196 221 | ~-.u52 2261 .910 .232 .860
2.5 .726 .812 .890 323 977 .992 .999 . 998 . 968
5 .726 | .82 . 830 . 917 .78 | . .979 LG8l .985
Lower lnner 8Surface

4.2 672 .798 .88k .978 .991 985 965 .936 939
5.1 712 .818 .890 .951 .96k 952 918 .930 939
Lower Burru%o 75T v

.2 21.171 |-1.02% |-2.090 | -.670 | -.0 .679 .938 958 9
3.2 -2.017 -1.679 -1.332 - szo -.30% .186 .ok 86 88
5.7 -1:517 |-1 27§ -1 ogk -.529 | -.310 .067 .367 . 602 24
8.2 -1 111 Lok - Zoo - 043 | -.290 | -.027 .285 7 Ly7
10.7 -.852 | -.726 | -. -.3u2 | -,222 -.013 JA77 | L34 374
13.2 -.698 | -.606 | -.499 | -, 288 | -.196 .01 .150 .29 329
12,2 - 252 -.4g6 | -,405 | -.241 ' -.169 | -.027 .10 . 225 263

23.2 -.639 1 - 439 | -,378 | -.241 | -.182 |} -.05 .05 .168 10
3.2 -.432 | -.393 -.iuu -.2u8 i -,202 -.11% -.027 05 o7k
&3.2 -.399 | 1366 | -.%31 | -.2u8 | -,216 | -.14 -.07 -.00 L0132
1.2 -4 -.319 | -. éﬁ -.281 | -.256 -.198 -.13 -.07 -.066
.2 -.u1§ -, Rg -.é - {22 -.;o -, 26 211 | =15 -.164
7%.2 | - - -.223 | -.194 | -.18 -.153 | -.129 | -.103 | ~.125

Cm NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



TANE IX.~ PRESSURE DISTRINUTION OVER THE WING LEADING-XIGE DUCT

IFTRANCE, 1/M-8CAIZ FLOW MODEL OF TE YIGETER ATRPLANE

18VLY *ON WY VOVN

(/¥ = 0.2)
1 ]
P
’ r
v a
Chord\\ |~3.04 J =2,02 1-1.01 1 0 I 1,02 j 2,05 l 4.07 l 6.20 | 8.13 I 10.14
Upper Surface
4] 0990 29668 0,768 0337 ~+353 ~1.152 3,339 «5,988 «5,950 =3,320
1.0 o441 +e187 -.109 =452 -,882 «1,319 2,158 =3,309 -~4,.480 -2.%28
25 «193 =,013 -e251 =512 -,828 =1,071 ~1.675 ~2.432 «3.,160 -2
5.0 -,069 -,228 -.414 «+600 -,822 -1,018 -1,449 -1.920 «2,380 «2.390
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0 ———- ———— ——— c—— ———— ——.— ——— co——- - e
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kﬁO -e392 -, 435 -+509 «4553 -,578 -,623 «,703 -,7868 -+850 =738
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Uppor Inner Surface
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8.2 1,032 -,858 -,686 -,512 =374 -.241 020 +«260 <455 »499
10.7 -,798 -,670 -.544 - 408 -y299 «,201 «007 +205 «367 +405
N3.2 -,5631 -o563 -.475 -, 364 -,288 ~,161 007 «172 «306 «371
3.2 -,544 -,462 -.387 - 304 -,224 -y147 -,013 »116 238 +290
23.2 -,495 -.429 374 -e297 -y 224 -.161 -.047 082 «170 216
33.2 -e434 -, 332 - 340 -¢290 -,238 -,194 ~,114 -o027 +054 +088
43.2 -e059 «,362 =319 -+283 -,245 -,208 -.141 -,075 -,007 »020
53.2 -.413 - =353 -e317 -, 279 -,248 -, 104 =-4137 -,075 -,061
2 =413 -,339 -.380 o344 -,319 -,302 -.261 =205 -.163 =-,155
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Lover Imnor Surface
4.2 «718 +844 .936 «951 «950 <938 «924 .902 «652 «594
5.7 «564 «737 .869 . + 396 +904 «898 +888 »810 «762
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TAELX XI.— PRESSURE DISTRINUTION OVER THR WING LEADINO-ZIGE DUCT
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T N LA

-2.04 }-2.02 -1.01 0 1.02 2.05 L.o7 6.10 8.13 | 10.14

Upper Surface

0.972 ] 0.986 | 0.8 0.509 | ~0.0 -0.8 -2.956 }=7.065 | ~===== -3,800
,256 .260 -.o%% -.58 -.73 -1.23% -2.82 -3.155 | -4.389| -2.500
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2B E EIEEAEE
-.519 | -.55 5 . - . . g - 69 -:33% 21,60

=053 1 <073 1-.509 | -.516 | -.1i86 -89 | -4

N
wn

0.013 | 0.027 {0.060 | 0.0 0.081 | 0.08 0.0 0.067 |-0.1 -0.027
3 .zhz £ 7h 7 7 %ﬁ
2261 .652 | 650} .851

ﬁ.z 0.426.] 0..453 j0.516 | 0.683 | 0.863 0.958 0.385 0.770 [ 0.3 | o0.080
2 1.340 1.0 ~7h3 | -Ll9 | -.182 .0 039 <743 .91 «932
3.7 1.200 -.g -e737 | =.516 | =.30L ~.107 .216 . .69 752
.2 -.972 | -.818 |-. -.296 -.3gh -.282 .05k .288 A7 .Zhs
10.7 -.758 | -.639 {-.51L | -.L,02 | -.283 -.168 .03l .21l .398 RANS
1g.z -.652 | ~.572 |-. 63 -.342 | -.236 - .020 .16 317 .393
18.2 -.532 | -.[59 |-. - ga -.203 -,13 0 .11 243 .306
23,2 ~h79 | -.b26 |-.3 3 -2 -.209 154 | -.040 737 .849 233
3.2 -426 1 - .239 -.3 -.281 | -.2)3 -.20 -.108 | -.027 .606 »107
3.2 -.386 | - [26 [-.315 | -.275 | -.2 -.21 142 | -.06 -.00 .033
2;.5 -.&gs -.380 -.3 -.382 -.2 -.255 | -.é9g -.;31 -.08 -.g}g
. - - P~ -. -.3} - -. -.20 - -
73.2 -.zuz - ﬁg [-.321 -.308 -.;83 -.{gg -.1;5 -.147 -.732 -.100

Lower Inner Surface

N &
PR
~ N

0.626* 0.772 [0.870 { 0.8 0.870 0.658 | 0.810 | 0.76L | 0.654 | 0.16
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TABLE XI.- DUCT OUTBOARD-CLOSING-SHAPE PRESSURE DISTRIBUTION,
1/4-SCALE- FLOW MODEL OF A FIGHTER AIRPLANE

COREIDENE AL
P 4

-2.02 | =1.91 0 1.02 2.05 k.07 6.18 £.13 | 10.1h4

Upper surface
0.730 0.%86 0.958 | 0.998 1.000 0.797 | - 0.%42 | -0.121| -0.8

.128 .04o -.2?2 -.778 | -1.270 -2.112 -3.740 | =5.200 -6.122

-.129 379 -1 -+ 590 - -1.058 | -1.405 -1.225 -2.230
-.217 -.358 -.U69 -.623 -.77% ! -1.052 | =1.350C -1.641 | -2.038
-.285 -.398 ~.496 -.623 -.gsu -,938 | =1.167 -1.374| =1.672
-.uOl -.u66 -0522 - 610 - 66 -0777 ‘0903 -.998 -lol 4

Lower surface
-.041 . 346 +550 .998 .910 .998 +390 .590| 1.000
-.ng -.379 -. 241 -.054 .095 . 362 564 7o .730
-.605 | -.413 -.302 | -.154 | -,027 .21 Jhoa .563| =.021
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NACA RM No. ATA31 Fig. 1
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Figure 1.- Comparison of the NACA submerged duct systein and the
win;- leading-edpre duct system as applied to the fighter airplane.
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NACA RM No. A7A31 Fig. 2
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Figure 2.- Comparison of the internal-ducting systems for the NACA
submerged duct entry and wing leading-edge duct entry for the

1
T - scale flow model of the fighter airplane.



Figure 3.- General arrangement of the fighter airplane equipped with
NACA submerged duct entries.  comessan
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“heure lo- 0 The T—scale flow rnodel of the {irhter airplane, equipped

wit win, leading-edpe duct entries and the flaps deflected HQ°,
inctalled in the Ames 7- by 10-foot wind tunnel No. 1.
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Figure 5.- Schematic view of the test setup for the separate tests of

the internal ducting systems for the fighter airplane.
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Figure 6.- Internal flow diagram of the i—-scale flow model.
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NACA RM No. ATA31 _ Fig. 7
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Figure 7.- Variation of airplane lift coefficient with the %-scale

model angle of attack for the fighter airplane. Gross
weight = 16,4000.
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NACA RM No. A7A31 Fig. 9
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Figure 9.- Comparison of boundary 1 of reference 1 with the boundary
layer at entrance to the NACA submerged duct entry for the

‘%-scale flow model of the fighter airplane.
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Figure 10.- Variation of total-head loss with duct-entrance dynamic

pressure for the internal ducting systems of the %—-scale flow

model of the fighter airplane.
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pressure recovery for NACA submerged duct entries on a

1
z - scale flow model of a fighter airplane.
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Figure 13.- Lip, ramp, and deflector ordinates for the NACA submerged

duct entry on the %-scale flow model of the fighter airplane.
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Figure 14.- Detail sketch and ordinates of the wing leading edge inlet =~ |
for the %-scale flow model of the fighter airplane.
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NACA RM No. ATA31 Fig. 15
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Figure 15.- Comparison of the duct system losses at the simulated
compressor entrance for the %—-scale flow model of the fighter

airplane.
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NACA RM No. ATA31 Fig. 17
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flow model of the fighter airplane.
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71" scale flow model of a fighter airplane.
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